ABSTRACT
INTRODUCTION
Many different studies show that the average age of the population in developed countries in general, and also in Slovenia in particular, is increasing. There are many reasons for this phenomenon, the most important being the development of medical science, higher living standard in general and also improvement in the quality of micro-environment at work and at home. Statistical analysis shows that today in the USA people over 70 represent 9% of population [1] . In the European Union already 17.1% of citizens are older than 65 years [2] . In Slovenia there were 2,025,866 inhabitants at the end of the year 2007. A total of 300,248 were older than 64 years, which represents 14.82% of population. This means that almost every 7th person in Slovenia is older than 64. It is a fact that most of these persons are still active participants of road traffic, especially in city traffic. Therefore, in industrialized countries, drivers over 60 years of age represent a rapidly growing part of driving population.
As the older population is growing at a faster rate than the general population, it is anticipated that the number of injured and killed, both vehicle occupants and pedestrians, will rise [3] . In order to be safe as a participant in road traffic, a person should posses certain psychophysical qualities, which enables one to react quickly and correctly to sudden and unexpected changes of traffic situation around them. It is well-known that the quality of sight and hearing as well as the flexibility and reaction time deteriorate with the advancing age. Older drivers are more often considered responsible for crashes and they have more fatal accidents, especially because they are more vulnerable. Many different studies have shown that elderly drivers are more frequently involved in specific types of accidents (e.g. situations involving more than one vehicle, especially at intersections). Some results are concerned with the behaviour of different population groups, with respect to age, and safety of elderly road traffic participants. Older drivers have more error accidents and this tendency increases with age. An error accident is defined as the failure of the planned action to achieve a desired outcome without the intervention of some chance or unforeseeable event [4] . In general, these studies consistently find correlation between crash rates and older driver's traffic safety: accidents are more likely to occur in good weather, during daylight hours, at intersections, while marking turns: their causes are not excessive speed or alcohol. These results show that the problem of older drivers in road traffic in overall safety is not negligible even today, while its importance will rise in the future.
In general, in urban areas, there are many factors that contribute to the low level of traffic safety [5] . One of them is certainly high number of intersections where drivers change their driving directon. This creates many trouble points. Another reason is high amount of information that the drivers should pay attention to, high number of signals allowing and forbidding something, and in the end there are too many vehicles of different types concentrated in a small area, among them being also delivery vehicles and trucks [6] , but the authors believe that the main reason for participation of the elderly in specific types of accidents is their lower psychophysical ability.
In Slovenia there was only one investigation pertaining to this field of research [7] , which concentrated on understanding those difficulties and obstacles facing older participants in traffic flow, which are caused by the decrease of their motorised abilities. Because of this we conducted a study among elderly drivers in three different cities. The first city, in the sequel we call it L, is the capital of Slovenia. It has a large population of elderly persons among permanent inhabitants. Because of the recent trends of moving all shopping centres away from the centre, many depend on their cars in order to fulfil their daily needs so they can be assumed as being thoroughly familiar with urban traffic situations. The second city, in the sequel we call it C, is smaller but rapidly developing in the last decade. It has large rural surroundings and many older drivers are occasional migrants settling some administrative affairs or visiting the regional hospital. The third city is our university town, to be called M, which is, according to most social parameters, somewhere in the middle between L and C. Our main objective is to determine the response, among the population of drivers over 60 years of age, to the safety of new type of intersection (roundabouts, introduced in the last 15 years), while comparing it to the classical type of intersection with traffic lights.
We analyzed the collected data for significant correlations between safety assessments for three intersection types (the classical type equipped with traffic lights, one-lane roundabout, double-lane roundabout) and various variables concerning drivers: age, years of driving experience, type of town (L, C or M) where most of the driving is done and previous involvement in accidents.
Beside theoretical interest, our research should have practical consequences. In Slovenia there is still a lot of road and intersection construction going on at the moment. This trend will continue for several more years. As we already mentioned, it is current fashion not only that many of the newly constructed intersections are of roundabout type, but also that many previously built classical signal-controlled intersections have been rebuilt into roundabout ones. It was our goal to assess if this practice should commence or, concerning the increase of older population, some of the current strategies are to be amended. In the sequel we wish to offer numerical arguments to support the thesis, that because of slower adaptation to novelties and lesser motorised abilities, the older drivers feel the safest at classical road intersections. According to the data compiled by the United Nations in 2004 already 75.4% of population in the developed countries lived in the urban areas. Slovenia is a very small country with rather well developed road network and most cities with population below 100,000. Because of this fact, many professionals, working in cities, buy their houses in rural areas in a 20km radius around the cities. Hence, the official percentage of only 50% of population living in urban areas at the end of the year 2004 does not really correctly reflect the traffic situation, and we may more correctly assume that the 75% of population of Slovenia is involved in daily urban traffic.
SOME KNOWN STATISTICAL FACTS

Ageing of population
Older persons' involvement in traffic accidents
It is not easy to define who an older driver is. Beside the chronological age, some consider also functional age, where various factors, such as general health problems, lower quality of sight and/or hearing, etc. are taken into account [9] . If some factors are present for a given individual, their ability to drive safely is also affected to some degree.
The increasing danger to older road traffic participants does not originate so much from the increase of time of their participation in traffic, but from the fact that the total number of traffic accidents is increasing and, as the data seem to suggest, the probability of injury during an accident increases with the participant's age. Among pedestrians and cyclists, the number of accidents and injuries increases regardless if they are responsible for the accident or not. Among drivers the number of injuries starts to grow significantly with the age. Older drivers, who get injured in an accident, appear more often as those who caused the accident.
In order to show how serious the problem of the older drivers and pedestrians safety in today's traffic within Slovenia is, we conducted an analysis of traffic accidents for the years 2005 and 2006. The findings are presented in Table 1 (all persons involved in accidents) and Table 2 (only persons that caused those accidents), where we concentrated on persons whose age at the moment of accident was 64 years or more.
In the period 2003-2007 there was a total of 355,914 persons involved in various road traffic accidents in Slovenia. Among this total 21,462 persons (6.03%) were in the age category of 64 years or more. What causes concern is the fact that these older persons caused 55.2% of accidents they were involved in. In the mentioned period a total of 1329 persons died on the Slovenian roads. Among them there were 242 persons (18.2%) whose age was 64 years or more.
It is also illustrative to consider the role played by the persons over 64 years of age involved in traffic accidents. The findings are shown in Table 3 (all persons involved in accidents) and Table 4 (only persons that caused those accidents). Tables 3 and 4 show that among persons over 64 years of age, who were responsible for accidents, most of them were motorcar drivers. Because of this, it will be necessary in the future to pay more attention to the design of such elements of city road-network infrastructure which will enhance the feeling of safety for older drivers.
With this remark in mind, we designed an analysis whose goal was to determine how the population of older drivers assesses the impact of various types of road intersections and various traffic signs. In this article we present the results concerning road intersections. 3. USED METHODS
Participants
Data was collected by last year students of traffic engineering, who, in a random fashion, wandered around those three towns, picking up car, motorcycle and bicycle drivers at various parking places.
Our analysis was conducted in three Slovenian towns of different sizes. Their population is 37,000 (C), 110,000 (M) and 250,000 (L) inhabitants respectively. To each of these towns several students were sent with a total of 450 questionnaires; 252 in town L, 126 in town M and 72 in town C. They walked around those towns in a random fashion and questioned older drivers at various parking lots. Beside the active drivers, questionnaires were also distributed to two other groups of people of over 60 years of age: non-drivers (including cyclists and pedestrians) and occasional drivers (those who possess a valid driver's licence but drive very seldom; typically once a week or less). All participants remained anonymous.
Variables
In the sequel the following notation is used. Y A and Y D denote random variables describing the "absolute" age of a person and the "driving" age, i.e. the number of years the person has had a valid driver's licence for category B vehicles.
A TL , A R1 and A R2 denote random variables which describe the safety assessment for road intersections with traffic lights, one-lane roundabouts and doublelane roundabouts, respectively. These three variables are normalized in order to take values between 0 (meaning unsafe) and 1 (meaning 100% safe).
These variables are considered in several different populations, which are divided by the size of town of residence (small, medium, large) and their driving status (regular, occasional, non-driver).
RESULTS
First, we considered the two basic statistical parameters, the mean and the standard variation S, for obtained samples of safety assessment for A TF , A R1 and A R2 in various populations. The results, which were computed from the completed questionnaires, are given in Table 5 . They are presented for each of the three cities separately (first three rows) and cumulatively (the fourth row). Rows 1-4 present the results for regular drivers, rows 5-8 for occasional drivers and rows 9-12 for non-drivers.
In the next step the estimations (both lower and upper) are derived for the general mean of the variables ATL, AR1 and AR2 in all subpopulations with various degrees of certainty. We treated their general means and standard deviations as unknowns, so all calculations were performed using the standard Student ttest. Since we used the numerical integration, we did not replace the Student distribution with the Gauss normal distribution, despite the fact that the number of samples is greater than 30, which used to be the justification for such a replacement in the time when distribution tables were still used. Results of our com- Tables 6, 7 and 8. We briefly recall the basic theory behind that computation. Let , , , X X X n 1 2 f be a sample of mutually independent measurements for the random variable X , whose mean is n. If we denote by X and S sample mean and sample standard deviation respectively, then the variable
is distributed according to the Student's law with n 1 -degrees of freedom. The density function for this law is given by
The Student's law is symmetric with respect to the variable u, so in the sequel we always compute the probabilities concerning this law on symmetric intervals. More precisely: in order to give an estimate for n, with a given probability P , we first compute a constant c such that
Next we infer that the value n S X n -
lies within the interval , c c -6 @ with the probability P , i.e.
The estimates for the unknown quantity n, with probability P , are obviously equal
Since we had different sizes of samples in each of our three cities, the values of n and c were different in our computations. Lower and upper estimates for the mean of safety assessments were computed with the probabilities 90%, 95% and 99%. The results are presented in three different tables (see Table 6 , 7 and 8). For example, in our total sample the subgroup of occasional drivers from L consisted of n 98 = persons. From 
so we take . c 1 6607
From the above formula we can deduce, with 90% probability, 
Other entries in Tables 6, 7 and 8 were computed in a similar way. We rounded all figures to three decimal places. The basic divisions of rows in all of these tables are the same as in Table 5 . Each entry is given in the form l -u where l is the lower estimate and u the upper estimate.
From this data we can see that in general not much can be said for the relation between A TL and A R1 , i.e. the feeling of safety in one-lane roundabouts and intersections equipped with traffic lights cannot be compared in a unique fashion. This is however not the case for A TL and A R2 . By looking at Table 6 we see that in every measured subpopulation the upper bound for the mean of A R2 is still smaller than the lower bound for the mean of A TL . Thus, we may form the following statistical hypothesis: the mean of A TL is bigger than the mean of A R2 . In everyday language this means that we claim that our collected data show that an average person of over 60 years of age, regardless of their driving habits, feels less safe in double-lane roundabouts than they would feel if the same intersection was equipped with traffic lights. Table 8 shows that we can no longer claim this to be true up to the significant level of 99%, so we proceed in a different way. Using numerical integration we can give even more precise estimate concerning the maximal degree of probability under which our data confirm the hypothesis A A >
TL R2
n nĥ h.
In all cases where the sample mean of A TL is smaller than the sample mean of A R2 , we can establish, being given the probability P , the upper bound for A R2 n^h and the lower bound for A TL n^h with respect to P . If the upper bound for A R2 n^h is the smaller of both numbers, we conclude that A R2 n^h is smaller than A TL n^h with probability P . Now we look for such, maximal possible, probability P that those bounds would actually coincide. If n is the number of independent samples, we look for such P that
For example, if we look at the population of all occasional drivers, whose sample consisted of 183 persons, we can get the following data from Table 5 . 
The solution of this equation is . c 3 765 = which implies that maximal probability under which we may claim our hypothesis (the average person over 60 years of age, using their car only occasionally, feels more safe at the traffic-lights intersection than at double-lane roundabout) is 
. . % 0 99978 99 978 = = (15) In a similar way we can compute the probabilities for this hypothesis in other above-considered subpopulations. The results of this computation are summarized in Table 9 .
With this sample assurance of correctness of our hypothesis, it is natural to ask how the answers depend upon age and driving experience. In other words, we look for correlations k between (Table 10) .
For drivers even these sample correlations are rather low, so we did not compute any further estimates. It seems that the age itself is not very significantly correlated with the safety assessment for various types of road intersections. On the other hand Tables 6, 7 and 8 suggest that the living environment (rural, urban, and metropolitan) is much more significant.
ADDITIONAL DISCUSSIONS
Comments according to the types of road intersection
First, the results concerning the classical type of road intersection equipped with traffic lights are discussed. Among the persons who frequently participate in road traffic there are no statistically significant differences regarding the size of town in their safety assessments for this type of intersection. This is not the case with occasional drivers, cyclists and pedestrians. Those living in the big city L give significantly lower estimates than those living in M or C. This may be connected with changing driving habits (towards more aggressive one) of the younger active urban population. In all three cities regular drivers give higher estimates than occasional drivers (which is obviously an expected result), but the figures given by occasional drivers and non-drivers show no significant differences.
Results for one-lane roundabouts show the same expected pattern; regular drivers, namely, in all three cities give higher marks than occasional drivers and non-drivers from the same city, while the results for the latter two categories show no significant difference. There is, however, one difference from the previous Results for double-lane roundabouts show the marks given by the driving population in the smallest city C to be significantly lower than those given in L and M. The figures they give are very low indeed, which might suggest that older population of small cities rejects the very idea of a double-lane roundabout. This could be explained, since the population in C is much less exposed to such type of intersection (there are at present only few of them in the entire C), that older persons need a lot of time to adjust to the rules concerning changing lanes inside such a roundabout. The same phenomenon of C giving the lowest marks can be observed for occasional drivers, while non-drivers do not show it.
Comments according to types of drivers
Our main hypothesis that older persons feel significantly safer in classical intersections equipped with traffic lights than in double-lane roundabouts has been substantiated by the collected data, as was explained in more detail in the previous section.
Results for regular drivers show that marks for one-lane roundabouts and classical intersections are comparable, so that the older drivers do not reject roundabout as an idea; they just do not feel safe enough when there are more than one lane. In fact, in the largest city L the average mark for the roundabout type is significantly higher than for the classical type of intersection. In cities M and C this phenomenon does not occur.
For other two categories, i.e. occasional drivers and non-drivers, the obtained results seem to show that they have about the same feeling about the one-lane roundabout and the classical type of intersection with perhaps one exception. In the smallest city C occasional drivers rated roundabouts lower with the probability approximately 88%. It is not easy to judge, without repeating the experiment for this subcategory with a larger sample, if this is just due to chance or not. If not, a possible explanation would be that older persons dislike any changes in their environment. Since the introduction of one-lane roundabouts was rather a recent event in C, perhaps those who used them just a few times do not think that this is an improvement of the previous situation, when traffic lights were still used, despite the fact that traffic counts show improved capacity.
Conclusion
Many different studies show that the average age of the population in developed countries in general, and also in Slovenia in particular, is increasing. Their lifestyle is also becoming more active, which means that the percentage of older drivers in the population of all drivers is also increasing. Many different studies have shown that elderly drivers are more frequently involved in specific types of accidents, especially at intersections.
The present study concentrated on the evaluation of safety of elderly drivers, at various types of intersections, from their own perspective. Various statistical analyses of obtained data were performed. The most important finding was that we may claim with high degree of probability, that the average person of over 60 years of age feels more unsafe at double-lane roundabout intersections than they would feel if the same intersection had been equipped with traffic lights.
Elderly traffic participants will always cause more accidents or be part of them due to hazardous factors. Challenge, arising from many different studies and researches, is in studying what measures and solutions can reduce the risk of the elderly participants.
Educational institutions (driving schools, school centres etc.) have already taken measures in informing the elderly participants about the traffic novelties (via web pages, booklets etc.) Car manufacturers are trying to do similar (with door mirrors on both sides of the car, ABS systems, driver's seat height adjustment, electric windows, semicircular turning of driver's seat, gear handle adjustment etc.). But at the same time traffic experts, especially road infrastructure designers, will have to accept the fact that the percentage of the elderly population involved in traffic is increasing all the time.
When planning traffic areas for elderly drivers it is very important that the infrastructure serves its function and that its user can predict how other drivers will react, especially at multi-lane road intersections. A driver must have enough time to make decisions and to act according to the rules and anticipations. Traffic signalization should be placed where a driver needs it and also have enough time to identify and consider the signals. Solutions should be made that would lower the risk for the elderly traffic participants.
